To estimate the proliferation rates in cultures of the human Wharton jelly mesenchymal stem cells (WJ-MSCs), obtained by the method of preservation of spontaneously detached cells, in various gas mixtures, containing physiological oxygen concentrations. Methods. Starting from the first passage, WJ-MSC were cultured for 4 subsequent passages,7 days between replating ("main" line"). At 0, 1 and 2 passage, day 3 of cultivation, conditioned media was collected and transferred to another flack with complete growth media. The attached cells from conditioned media were cultivated until the clones size and confluence (70-80 %) became sufficient for replating, and after that were subsequently passed with trypsin-EDTA solution ("side" lines). Besides the cultivation in standard condition of CO 2 -incubator, the cultivation was conducted in the nitrogen-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % nitrogen) and argonbased gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % argon). At each passage, the number of cells was counted. Results. The proliferation level in "side" lines, obtained from 0 and 1 passages, had a lot of similarities with that of "main" line. We observed the trend of multiplication rate reduction in "side" lines during in vitro maintenance, similar to that in "main" line. For cultures, obtained at the passage 2, the level of proliferation was significantly lower. The cultivation in both gas mixtures with 3% O 2 concentration had beneficial effect on the level of cell multiplication: the number of cells was significantly higher. The effect of argon-based mixture was more pronounced. Conclusion. The physiologic oxygen tension allows optimizing the cultivation of WJ-MSC, obtained by the suggested method of preserving the cells with reduced attachment ability. K e y w o r d s: mesenchymal stem cells, proliferation, subpopulation, physiological oxygen concentrations
Introduction
At present, mesenchymal stem cells (MSC) are considered as a promising tool for the cell therapy. Among MSC from different sources, MSC from Wharton jelly umbilical cord matrix (WJ-MSC) are considered to be especially perspective because of their high differentiation potential [1] , paracrine [2] and immune [3] effects.
In the organism, the MSC natural location site, "niche", plays a major role in the preservation of their main features. Besides MSC, the niche includes the neighboring cells producing the signal molecules, and an extracellular matrix. One of the key factors regulating the niche's behavior is the oxygen concentration, which is lower, than in other sites of the tissue [4] . Biopolymers and Cell. 2015. Vol. 31 . N 6. P 447-454 doi: http://dx.doi.org/10.7124/bc.000902
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For clinical practice, the ex vivo multiplication of MSC is inevitable. The cultivation process is associated with the risk of losing clinically relevant features, accumulation of genetic abnormalities and possible malignization, because in vitro the cells are forced to adapt to the conditions, that drastically differ from those of their natural location [5] . O 2 concentration in the standard conditions of a CO 2 -incubator is nearly equal to the atmospheric one, thus, being "hyperoxic" for MSC, leading to the progressing accumulation of the oxidative damage [6] . Besides, generally accepted use of the proteolytic enzymes solutions and mechanical manipulations during a passing procedure leads to the damage of homing receptors and adhesion molecules on the cell surface, having a negative impact on the regenerative potential of cultured MSC [7] [8] [9] . Thus, the development of methods to minimize the damages, accompanying the cultivation process, is considered an important task. Numerous works showed, that MSC cultivation in the gas mixtures containing oxygen of concentrations similar to the physiological ones, is beneficial for the activation of growth and reducing the oxidative stress. Another perspective approach is the development of methods to avoid the procedure of detaching cells from a substrate, for instance, cultivation in 3D constructs or on various carriers [10] , that is often technically complicated.
In our previous work we have suggested the method of optimization of human WJ-MSC cultivation. It allowed preservation and multiplication of the cells, that spontaneously detached during cultivation (presumably, in the phase prior to mitosis), thus obtaining the populations of MSC, that avoided the damaging influence of a passing procedure on the surface molecules [11] . Besides, we have shown a positive effect of the nitrogen-and argon-based cultivation gas mixtures containing 3 % O 2 [12] . The aim of the present study was to evaluate the cell proliferation in human WJ-MSC cultures, obtained by the suggested method, termed "self-replating", in various gas mixtures, containing oxygen in physiological concentrations.
Materials and Methods

MSC isolation
MSC were obtained from human Wharton jelly using the explant method [13] . Umbilical cords (UC) were collected from three healthy donors (39-40 weeks of gestation, normal delivery).
The UC fragment (5-10 cm) was washed with PBS, the vessels were mechanically removed. WJ was mechanically cut, the pieces were placed in the cultural flacks, 75 cm 2 , containing complete growth medium (DMEM with low glucose (PAA, Austria) supplemented with 10 % fetal bovine serum (PAA, Austria), glutamine 2 mM (PAA,Austria), penicillin 100 U/ml (Arterium, Ukraine), streptomycin 100 μg/ml (Arterium, Ukraine). The first attached cells were visible on the 7-10 th day. After 14 days the clones reached the size and confluence (70-80 %) sufficient for passing.
At the first passage the surface marker proteins CD90, CD73, CD105 expression was estimated (over 85 % positive), using flow cytometry (BD FACS Aria) with fluorescein-and rhodamine-conjugated antibodies (UsBiological, USA).
Proliferation analysis, standard passing
Starting from the passage 1 (P1), WJ-MSC were plated on the flacks of 25 cm 2 , 75•10 3 cells per flack, and cultured for 4 subsequent passages (for 7 days at each passage).These cultures were further referred to as a "main" line. The cells were passed using trypsin-EDTA (0.1 % trypsin and 0.02 % EDTA) solution (TE-passing). At each passage, a final number of cells was estimated by counting in hemocytometer (Goryaev chamber).
"Self-replating" culture obtaining and proliferation analysis
At passages 0-2 (P0-P2), on the day 3 of cultivation, the conditioned media (6 ml from each flack) was gathered, centrifuged and transferred to another flack with the complete growth media (described above). After the first attached cells were visible (day 2-5 after media transfer), the cultures were cultivated for nearly 1.5 weeks until the clones size and confluence (70-80 %) became sufficient for replating ( Fig.1 -passages marked as 0a, 1a, 2a) . After the first replating, the cells were seeded on the flack of 25 cm 2 , 75•10 3 cells per flack, and subsequently passed using TE solution. During each replating, the cells were counted in hemocytometer (Goryaev chamber).
WJ-MSC cultivation in gas mixtures
The flacks with WJ-MSC cultures were placed into the polyethylene bags with hermetic clasp (1.5 l). The bags were washed twice with the gas mixture, containing 4 % CO 2 and 96 % of nitrogen or argon (depending on the group), after that were filled with the gas mixture used for cultivation (see below), and set in the vacuum containers (Scarlet). The containers with bags were kept at 37° C, gas mixture was substituted in 3 days. The experimental groups were cultured in the gas mixtures based on nitrogen (oxygen -3 %, CO 2 -4 %, nitrogen -93 %) and argon (oxygen -3 %, CO 2 -4 %, argon -93 %). The control group was maintained in the CO 2 incubator (ambient oxygen concentration -20%, CO 2 -4 %)
Microscopy
Microscopy was performed with an inverted microscope Leica DMIL. Images were taken by camera Cannon PowerShot 640A, х100, zoom х1,4.
Statistics
The data on cell numbers are reported as mean ± standard deviation for three samples. Statistical significance was determined using Mann-Whitney U-test at P < 0.05.
Results
WJ-MSC isolation, primary culture and "self-replating" method
On the 7-10 th day after the WJ fragments were put into the cultural flacks, the first attached cells were visible, both single and in groups of 4-10. The clones reached the number of cells and confluence (70-80 %) sufficient for passing after 10-14 days, and were replated using trypsin-EDTA (0.1 % trypsin and 0.02 % EDTA) solution (TE-passing). The surface marker proteins analysis was performed at the first passage and showed that over 85 % of population are positive for CD73, CD90, and CD105. The line was passed subsequently for 4 passages.
At passage 0, passage 1 and passage 2 (P0, P1 and P2), on 3-4 th day after the cells were seeded, the conditioned media were collected and transferred to a new flack (as described in Materials and Methods). 
Growth analysis of obtained "self-replating" cultures
It is known, that during the phase of cell cycle prior to the division, as well as during the mitosis, the level of cell adhesion to a substrate decreases [14] . The method allowing preservation of the cells, that spontaneously detached, or, in other words, "selfreplating" (in present work this terms are used as synonyms) is based on the fact, that the MSC culture is usually asynchronous. In the flacks containing the conditioned media from MSC cultures, the attached cells, able to form clones, can be viewed already in 2-5 days. The morphological and surface markers of the cells obtained by this method resembled those of the original culture, confirming that "self-replated" cells descend from the cells, the adhesion of which to a substrate reduced before or during the division [11] .
The method of "self-replating" can be used for the additional obtaining of MSC cultures, as well as for the estimation of the clonogenic ability of the entire population at current time point. It can be used as additional to widely used methods of proliferation analysis, showing the number of dividing cells, their ability to form viable colonies, and, indirectly, the peculiarities of their adhesion to substrate. Fig 1. illustrates the scheme of media collecting and obtaining "self-replating" cultures.
It is important to compare the measured parameters in standardized conditions for both TE-passed WJ-MSC and ones of "self-replating" origin. The estimated parameter to compare was the final number of cells after the standardized time of maintenance at each passage. For this aim, it was important to standardize the initial number of seeded cells, and the time between replatings -7 days.
The WJ-MSC cultures, passed using only TEsolution from P0, were contingently termed as the "main" line. At passages 0, 1 and 2 of TE-passed "main" line, the conditioned media were collected, and, using the "self-replating" method, the clones were obtained. After these clones reached the sufficient confluence, they were passed using TE solution for several subsequent passages, thus starting the "side" lines, termed 0a, 1a, 2a (Fig. 1) .The term reflects the passage number, from which the media were gathered. This TE-replating was a necessary condition for the abovementioned standardization of the initial number of cells and time of their maintenance at each passage.
On the scheme in Fig. 1 the "self-replating"-obtained clones are marked as 0a, 1a and 2a. Since there was a question, whether the clones, obtained from the conditioned media, are separate passages we was decided to compare the cultures that went through the equal numbers of TE-passings from the stage of primary culture, obtained directly from WJ fragments . Fig. 1 illustrates this. The general number of light arrows shows the number of TE-passings. For example, WJ-MSC from "side" line 2a went through two TE-passings in "main" line, and two TE-passings after "self-replating" stage, which makes 4 full TE-passings.
The number of cells after 7 days of cultivation, at different passages, is summarized in Table 1 .
The data showed, that proliferation of cells in "side" lines had the same trends as in "main" line. The level of multiplication of WJ-MSC after each next passage reduced in all groups, regardless the number of "parent" passage of "main" line.
Nevertheless, several differences were revealed. The trend of proliferative activity reduction in "side" lines, obtained from P0 and P1, in general, was very close to that in "main", only TE-passed line. But for the cultures, obtained from P2, the level of proliferation was significantly lower, than in "main" line (Table 1) .
For example, at P3, though both "main" and "side" lines were passed with TE-solution for 3 times, the number of cells was significantly different. For "main" line and "side" line 0a and 1a, these numbers were very close (317.53 ± 25.23·10 3 , 338.56 ± 11.36·10 3 and 317.57 ± 4.41·10 3 of cells, respectively), but 2a line showed significantly lower number -252.32 ± 15.73·10 3 cells (see Table 1 ).
Fig. 1.
Obtaining cultures by "self-replating" method, and their subsequent TE-passing . Blocks -cultures, numbers -the numbers of passage. Light arrows -standard passing (TE), dark arrows -"self-replating" method. 
Morphology
The microphotographs of cultures of "main" and "side" lines at P3 and P4 are shown in Fig. 2 . MSC normally exhibit the fibroblast-like morphology. A spindle-like shape is considered to be typical for them.
During the cultivation period, the morphology of WJ-MSC cultures changed in all groups. At P3, and, especially, P4 the cells of flattened shape appeared. In literature, such phenotype is considered to be typical for the senescent cells [15, 16] . Notably, the cultures of "main", 0a and 1a "side" lines contained similar number of such cells. At the same time, the number of cells with senescent phenotype in 2a line, was visibly higher (Fig. 2.) 
Proliferation of cells in cultures under physiological oxygen tensions
In present study, the analysis of WJ-MSC proliferation of "main" and "side" lines was also conducted under conditions of mild hypoxia. WJ-MSCs were cultured in various gas mixtures -based on nitrogen (oxygen -3 %, CO 2 -4 %, nitrogen -93 %) and argon (oxygen -3 %, CO 2 -4 %, argon -93 %). Fig 3, 4 and 5 show the comparison of cell number in cultures after 7 days of the cultivation.
The cultivation in both gas mixtures with 3 % O 2 had beneficial effect on the level of cell multiplication: the number of cells was significantly higher. For example, at P3, the number of cells in "side" line 0a was 438.69 ± 10.88·10 3 in nitrogen-based gas mixture and 426.73 ± 12.09·10 3 in argon-based gas mixture comparing to 338.56 ± 11.36·10 3 in CO 2 incubator; " side" line 1а -425.3 ± 7.42·10 3 in nitrogen-based gas mixture and 425.24± 9.59·10 3 in argon-based gas mixture comparing to 317.57 ± 4.41·10 3 in CO 2 incubator; "side" line 2а -354.07 ± 13.25·10 3 in nitrogenbased gas mixture and 365.14 ± 17.63·10 3 in argonbased gas mixture comparing to 252.33 ± 15.73 х10 3 . Interestingly, the beneficial effect appeared to be more pronounced in the argon-based gas mixture, comparing to the nitrogen-based gas mixture and standard conditions of CO 2 -incubator, for the most groups of the cultures obtained by "self-replating". For instance, for line 1a, the number of cells cultivated in the argon-based gas mixture was 323.35 ± 12.12·10 3 whereas in the nitrogen-based gas mixture it reached 310.61 ± 6.05·10 3 and 232.96 ± 11.08·10 3 in the CO 2 incubator conditions. Fig. 3 . Comparison of MSC number in MSC cultures in 0a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogenbased gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93%), "atmospheric" -conditions of CO 2 incubator.
Fig. 2.
Microphotography of cultures at passage 3 and passage 4, "main" and 0a,1a and 2a" side" lines (x100, camera zoom 1,4).
Fig. 3.
Comparison of MSC number in MSC cultures in 0a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogenbased gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93%), "atmospheric" -conditions of CO 2 incubator.
Fig. 4.
Comparison of MSC number in MSC cultures in 1a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogenbased gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93 %), "atmospheric" -conditions of CO 2 incubator.
Fig. 5.
Comparison of MSC number in MSC cultures in 2a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogen-based gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93 %), "atmospheric" -of CO 2 incubator.
Importantly, in fact, the cultivation period is longer for the side lines, because of "additional" time needed for the growth of "self-replated" clones. On the average, it took about 12 days for clones to reach the number and confluence sufficient for passing. It is possible, that this "delay" influenced the revealed difference between the effect of gas mixtures on the multiplication in "main" and "side" lines.
Discussion
The proliferation rate is an important criterion of estimation of the state of culture, and in vitro multiplication itself is a crucial stage for practical use. It is highly dependent on the cultivation conditions, each parameter having special mechanisms of influence.
The analysis of growth of the culture, obtained by the "self-replating" method, can be used to evaluate the entire population's number of dividing cells and their viability. Interestingly, in comparison with the culture, passed standardly, using proteolytic enzyme solutions, the culture obtained by "self-replating" is maintained in vitro for a longer period of time. Such extension of the general cultivation period occurs because of "delay" at the stage of growth of "selfreplating"-derived clones.
According to current literature, the cell in adhesive culture, in the phase prior to mitotic division, acquires a round shape, and the level of its adhesion to substrate reduces [17] [18] [19] . Hence, because of mechanical impact during cultural media substitution, the actively proliferating cells become easy to detach. In this case, "self-replated" culture can appear to be a special subpopulation. The difference in growth of TE-passed and "self-replating"-derived WJ-MSC, to some extent, confirms the possibility of this variant.
The present study also revealed an interesting fact of a noticeable decline in the proliferation rates starting at the passage 2 for both TE-passed cultures, and in "side" lines, obtained from the media collected at P2 of "main" culture. This can give a clue to the understanding of certain degradation processes in culture, P2 being a "threshold" one.
In this work we also estimated the proliferation levels, rates in WJ-MSC cultures, maintained under 3 % oxygen, in gas mixtures based on nitrogen and argon. For TE-passed cultures, the highest levels of proliferation can be observed in the cultures, maintained in nitrogen-based mixtures [12] . At the same time, estimation of proliferation rates in cultures, "self-replating"-obtained from P0-P2, and subsequently passed using standard method, showed a more pronounced positive effect of argon-based mixture. Only several works describe the influence of inert gases (xenon and argon) on cell cultures, Fig. 4 . Comparison of MSC number in MSC cultures in 1a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogenbased gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93 %), "atmospheric" -conditions of CO 2 incubator.
Fig. 5.
Comparison of MSC number in MSC cultures in 2a line, at each passage, after 7 days of cultivation. "nitrogen" -nitrogen-based gas mixture (oxygen -3 %, CO 2 -4 %, nitrogen -93 %),"argon" -argon-based gas mixture (oxygen -3 %, CO 2 -4 %, argon -93 %), "atmospheric" -of CO 2 incubator. mostly of neural origin [20, 21] . The modern literature lacks the data about the inert gases influence on MSC. The present work showed that effect of argon can be revealed during long terms of cultivation.
Conclusions
Proliferation characteristics of WJ-MSC cultures, obtained by "self-replating" method at passage 0 and passage 1, resemble those of cultures, passed by generally accepted method (using trypsin-EDTA solution). The cultures, "self-replating"-obtained at passage 2 had a lower, though sufficient, level of multiplication.
Morphology of the cultures, obtained by "self-replating" method from P0 and P1 was practically identical to that of "main", trypsin-EDTA solution -passed line. At the same time, the "side" line from P2 contained more cells with the senescent phenotype.
Gas mixtures with 3 % O 2 had beneficial effect for the MSC proliferation potential. For the cultures, obtained by "self-replating", the stimulating effect of argon was more pronounced.
The suggested method allows preventing the loss of actively proliferative cells during culture maintenance, and obtaining the additional population of WJ-MSC, that avoided an impact of proteolytic enzymes on surface, during the whole period of in vitro maintenance. We also showed that using the cultivation under physiologic oxygen tension allows optimization of the method, preserving the proliferative potential of obtained cultures.
